In this paper, we present a database of class I methanol masers. The compiled information from the available literature provides an open and fast access to the data on class I methanol maser emission, including search, analysis and visualization of the extensive maser data set. There is information on individual maser components detected with single-dish observations and maser spots obtained from interferometric data. At the moment the database contains information from ∼100 papers, i.e. ∼7500 observations and ∼650 sites of class I methanol masers. Analysis of the data collected in the database shows that the distribution of class I methanol maser sources is similar to that of class II methanol masers. They are mostly found in the Molecular Ring, where majority of the OB stars are located. The difference between class I and II distributions is the presence of many class I methanol masers in the Nuclear Disk region (Central Molecular Zone). Access to the class I methanol maser database is available online at http://maserdb.net.
INTRODUCTION
Methanol maser emission is one of the features of starforming regions. In early studies of Batrla et al. (1987) and Menten (1991) , two classes of methanol masers were empirically distinguished. While class II masers (for example, at 6.7, 12, 37.7, 107 GHz) are pumped by infrared radiation of dust heated by young stars Cragg et al. 2005) , class I masers (for example, at 36, 44, 95 GHz) occur as a result of collisionalradiative pumping (Sobolev et al. 2007 ) and usually indicate the presence of gas compressed by a shock wave. Such gas is often found near young stars, in which there is an outflow interacting with the surrounding material (Voronkov et al. 2006a ). These outflows produce shocks creating conditions for the pumping of class I methanol masers (Bachiller 1996) . Usually class I masers are found at some separation from young stellar objects (e.g. Kurtz et al. 2004a; Voronkov et al. 2014a ). However, methanol masers of I class can occur anywhere in the interstellar medium where moderate-velocity shock waves are formed: in collisions of molecular gas clouds (Salii et al. 2002) , at the boundaries of supernova remnants (Pihlström et al. 2014a) , in places where HII regions are interacting with the surrounding molecular gas (Voronkov et al. 2010c ) and regions with complex hydrodynamic interactions (Voronkov et al. 2010a ).
The first detection of the methanol maser emission was in the J 2 → J 1 (J=2..7) series of methanol lines near 25 GHz (Barrett et al. 1971a ) and at 36 GHz by Turner et al. (1972a) . Following these early observations the number of known methanol transitions showing maser emission has increased to five to the end of 1990, including transitions at 25, 36, 44, 84 and 95 GHz. Amount of known methanol maser sources also increased, as seen in the lower panel of the Figure 1 At present , there is a trend to use large-scale sky surveys to solve various astrophysical problems instead of studying individual objects. This is a natural consequence of the fact that recently astronomers have gained access to a large number of sky surveys. The field of study of the class I methanol masers is not an exception. The increased sensitivity of single-dish and inter-ferometric telescopes leads to a massive amount of data that needs to be ordered.
In recent years surveys of the northern and southern skies have been done in the class I methanol maser lines. For example, the ATCA telescope as part of the MALT-45 project in 2015 produced a "blind" overview of 5 square degrees in the southern sky at 7 mm (Jordan et al. 2015a) , including the class I methanol line at 44 GHz. Seventy-seven maser sources were registered, including 58 new detections.
In the northern sky, a 13.7-meter telescope at the Observatory of Purple Mountain (China) searched for class I methanol masers in the direction of ∼1000 molecular clumps at 95 GHz (Yang et al. 2017c) . As a result, 205 sources with maser emission were detected.
In the last years, the amount of the interferometric studies of methanol maser sites increased significantly (see the lower panel of Figure 1 ), providing a detailed view of methanol maser sources with information on the individual maser spots. In the last ten years the number of class I methanol interferometric studies increased from 11 to 39 papers. All these works are evidence that observations of methanol masers are currently relevant and are regularly carried out to study the star formation fields. Creating a database will solve the problem of access to the observational data of the interferometric studies.
Until now, work on creating a catalog of class I methanol masers was carried out by Astro Space Center group 1 (Val'tts & Larionov 2007; Val'tts et al. 2010; Bayandina et al. 2012) . This group presents a catalog of 206 objects, obtained from the literature up to 2011 inclusive. This catalog can be used as a starting point for the further systematization of accumulated data to achieve the completeness of data collection on class I methanol masers. Another starting point is the Avedisova catalog of star-forming regions (Avedisova 2002) . This work is a unique study on the systematization of information about star formation regions for papers up to 2001, including class I methanol masers.
In the present paper, we introduce an improved data access interface and the complete set of data on class I methanol masers, which will allow doing the statistical analysis, study of the individual objects and plan for the future observations. We are in the process of including the complete sample of known class II methanol masers into the database and while this effort is not yet completed, we use this information to compare Galactic distribution of class I and class II methanol masers, as described in the Section 2.5. Rather than focusing on class II masers, we primarily analyze the class I sources that are currently insufficiently studied. Detailed analysis of class II masers is available in the literature (e.g. Pestalozzi et al. 2007; Pandian & Goldsmith 2007; Breen et al. 2011; Green et al. 2017) .
Our database contains not only most widespread class I transitions (25, 36, 44, 84, 95 GHz) , but also relatively rare transitions identified as class I methanol maser emission in the discovery papers. These include 6 −1 → 5 0 E transition (132.8 GHz) with 16 known objects, 9 −1 → 8 −2 E transition (9.93 GHz) with 8 known objects and 8 −1 → 7 0 E transition (229.7 GHz) with 6 detected objects. The recent detections of rare transitions include 10 1 → 9 2 A − (23.4 GHz) in G357.97-0.16 and 343.12-0.06 (Voronkov et al. 2011) , 11 −1 → 10 −2 E (104.3 GHz) in W33-Met (Voronkov et al. 2005a) and IRAS 16547-4247 (Voronkov et al. 2006b ), 4 2 → 3 1 E (218.4 GHz) in NGC 6334I(N) (Hunter et al. 2014 ) and G352.630-1.067 , 5 2 → 4 1 E (266.8 GHz) in G352.630-1.067 ) and 9 −1 → 8 0 E (278.3 GHz) in G34.43+00.24 MM3 (Yanagida et al. 2014) . The full list of detected class I maser transitions included to the database is given in the Table 1 .
Class I methanol masers were detected not only in our Galaxy but in several external galaxies. More than 25 years ago, Sobolev (1993) suggested that search for extragalactic methanol masers should be most promising in the starburst galaxies in the 36.2 GHz class I methanol transition. After that, there were several unsuccessful searches for methanol masers in galaxies (Ellingsen et al. 1994; Phillips et al. 1998; Darling et al. 2003) , but these searches were focused on the class II transition at 6.7 GHz, probably inspired by the detection of 6.7 GHz methanol maser in LMC (Sinclair et al. 1992) . Only in 2014 methanol maser emission was detected at 36.2 GHz (class I) toward the nearby starburst galaxy NGC 253 (Ellingsen et al. 2014) . After this detection, NGC 253 became the target of extensive interferometric studies Gorski et al. 2017; Chen et al. 2018; McCarthy et al. 2018b ). Extragalactic Class I methanol maser at 84 GHz was first detected in Seyfert 2 galaxy NGC 1068 (Wang et al. 2014) . Later methanol masers at 36 and 37 GHz (class I and II) were detected in the ultra-luminous infrared galaxy Arp 220 (Chen et al. 2015) . Chen et al. (2016) report tentative detections of class I methanol masers in 11 galaxies associated with water and OH megamasers. Recently class I methanol maser at 36 GHz was also detected in NGC 4945 (McCarthy et al. 2017 (McCarthy et al. , 2018a . (Müller et al. 2005) B In the case of rare transitions with only 1-2 detected objects, we list the names of the objects. Maser objects are maser groups with positive maser detection and maximum separation of 60 arcsec between detections. Details of maser grouping are presented in the Section 2.6. We did not include ∼2200 detections of 36 GHz methanol masers in the direction of CMZ from Cotton & Yusef-Zadeh (2016) in the total number of objects with 36 GHz masers. C Paper's short names are coded as following: BAR71 - Barrett et al. (1971b) , BAT88 - Batrla & Menten (1988) To date, class I methanol masers were detected in 14 galaxies (11 of these were tentative detections).
2. DATA PROCESSING
Data entry
Data entry to the database was carried out in semiautomatic mode with the support of a special information system, developed specifically for this project. In the case when the authors publish the source data in the electronic format, this source data were used. If it was possible to obtain data from the authors with their permission, then data was entered directly into the database. In other cases, tabular data was converted from the PDF format to CSV using OCR technology (Optical Character Recognition). If the access to the article is restricted, then PDF files from a repository of electronic preprints arXiv (https://arxiv.org) are used. Together with tabular data for each article, textual descriptions of sources and images were entered into the database. The data was entered into the information system, which identifieed, cross-referenced this information and prepareed it for the entrance into the database. Maser database works on the PostgreSQL database in the Ural Federal University virtual machine service. For sky queries, we used PgSphere extension (Chilingarian et al. 2004) for PostgreSQL, that allow doing the cone search, x-match and other tasks with sky coordinates.
The entered data is divided into three main classes: targeted single-dish surveys, blind surveys, and targeted interferometric observations. The database stores in table met1 data all useful information about observations that is available in papers, including maser emission properties (radial velocity, intensity, line width), size and position angle of the beam, the date of observations and the name of the facility . Additional information for interferometric data about detected maser spots is stored in a separate table maser spots of the database.
To search for articles on class I methanol masers, the new NASA ADS system 2 was queried usingkeywords (See Appendix A). Then this list was filtered by hands: we keep only articles with unique observations of class I methanol maser sources. This procedure is periodically repeated to identify new papers containing observations of class I methanol masers. Further, this list was divided into the three main types of papers -targeted single-dish surveys, blind surveys and targeted interferometric observations. Each type of paper has unique features of the data-entry process. For targeted singledish and blind surveys, only two tables needed: source 2 https://ui.adsabs.harvard.edu table with coordinates and table with the line parameters. For targeted interferometric data, one more table is essential: maser spot data.
Search for the class I methanol masers data
In total, there are about ∼100 papers in our database. We divide all papers into three different groups -targeted single-dish surveys, blind surveys, and targeted interferometric observations.
Targeted single-dish surveys in our classification have no information about individual spots of maser sources, but have the criteria of the source selection. Blind surveys include both single-dish and interferometric data and have no criteria of the source selection but only have sky region defined. Targeted interferometric observations have information about maser spots and have some criteria of the source selection.
For further classification, for each paper we create the following labels: data type is comma-separated list of detected molecules in the paper, frequencies is comma-separated shortlist of frequencies which were observed in the paper, obs type is type of paper from our classification (targeted single-dish survey, blind survey or targeted interferometric observations), target type is category of target in the particular paper. For polarization observations, we additionally add label "polarization" to the obs type column. The full list of included papers is presented in the Table 3 of Appendix A and the summary on the target objects list is presented in the Table 2 .
Targeted single-dish surveys
Targeted surveys are the most popular way to search for class I methanol masers. This category includes single-dish surveys with some source selection criteria. The tendency is that the more recent papers target sources from the large sky catalogs (GLIMPSE, Bolocam). In the older surveys, the sources were primarily selected using the known list of high-mass star formation regions and class II methanol masers. This can be illustrated in the lower panel of Figure 1 . Starting from 2010 the number of known maser sites with detected class I maser emission grown very fast. To date the most extensive single-dish surveys are of Yang et al. (2017b) with 205 detections at 95 GHz and of Chen et al. (2011a) with 105 detections at 95 GHz.
Blind surveys
Blind surveys in class I methanol line is another way to search for the new class I methanol masers. This category includes both single-dish and interferometric surveys without source selection criteria. The main goal of these observations was to find all detectable sources in the selected sky area. We found only five papers that use this observing technique for class I methanol masers -Cotton & Yusef-Zadeh (2016) In the work of Cotton & Yusef-Zadeh (2016) over 900 points were observed to cover a region 66 × 13 along the inner Galactic plane, providing the catalog of 2240 methanol maser spots in the CMZ at 36 GHz. The MALT-45 survey (Jordan et al. 2015a ) observed 5 square degrees (330 • < l < 335 • , b = ± 0.5 • ) for spectral lines in the 7 mm band, including class I methanol maser transition at 44 GHz. Lyo et al. (2014b) mapped the 7 × 10 area of NGC 1333 in 22 GHz H 2 O and 44 GHz CH 3 OH maser transition. An extensive search for the class I methanol masers with frequencies of about 25 GHz was conducted as part of the HOPS project ) and lead to discovery of the 23.4 GHz class I maser methanol emission in G357.97-0.16 (Voronkov et al. 2011). 23.4 GHz maser was also detected in the same paper toward the source 343.12-0.06 using the ATCA follow-up observations.
Targeted interferometric observations
This category includes interferometric observations with some source selection criteria. Our database stores more than 40 papers with interferometric observations, including seven papers with interferometic studies of the external galaxies.
The most extensive surveys in our sample are Jordan et al. (2017b) with 238 maser spots detected in 77 maser sites at 44 GHz and Voronkov et al. (2014a) with more than 700 maser spots detected in 71 sites at 36 and 44 GHz .
Catalogue description
Each entry of the main catalogue met1 data contains information about a single spectral component of methanol maser at specific position in sky and radial velocity. The following columns are available for each entry: observation identifier (obs id); source name (source name); source identifier using short galactic coordinates (grp) in format G0.000±0.000 (N), where N is a number of available observations of this source in different papers; right ascension and declination in J2000 coordinates (ra and dec) in degrees; galactic longitude and latitude (l and b) in degrees; detection flag (detected); peak velocity (vpeak); FWHM of line (fwhm) in km/s; peak intensity (peak) in Jy or K units; integrated intensity (int) in Jy km/s or K km/s units; type of units for intensity (units: 0 for Jy and 1 for K); distance to the source in kpc (dist); columns for beam information (beam, beam maj, beam min in arcsec, beam pa in degrees); root mean square noise of observation (rms) and units of rms (units rms: 0 for Jy and 1 for K); date of observation in arbitrary format (date txt); reference to the paper (ref); short name of the facility (telescope ref); description of the source from paper (descr) and link to the associated author's image from the paper (image).
Additionally, there are a few flags for each observation: gc flag reveal Central Molecular Zone sources (359.3 < l < 1.7 and |b| < 0.2); mjy flag and rms mjy flag shows mJy units instead of Jy for intensity and rms; is interf shows that the observation has interferometric data for individual maser spots; thermal denote lines which were described as thermal in the original papers. The columns iras, twomass, wise, akari, akari fis, bgps, continuum and ego show associated sources in popular astronomical catalogs, which are useful in class I methanol maser studies. If a source is observed simultaneously in several methanol lines, then each observation will be included to the database with the corresponding line column.
For targeted interferometric observations the data on individual masers spots is stored in the separate table maser spots. The format of the table columns is following: obs id is reference to the observation identifier in the main table met1 data; spot number is sequential number of maser spot detected in the field; source name is an identifier of each maser spot composed of a main source name and letters A..Z,A1..Z1,..; spot location is an optional field of maser spot location (usually comes from the source paper); right ascension and declination in J2000 coordinates (ra and dec) in degrees; galactic longitude and latitude (l and b) in degrees; width of line at half maximum (linewidth); peak velocity in km/s (vpeak); peak intensity (peak) in Jy (mJy) or K (mK), where units specified in the main table in the corresponding entry with specific obs id; ref is the reference paper; offset ra and offset dec are relative offsets (in milliarcseconds) of the maser spot position from the target coordinates of the source, specified in the main table with corresponding obs id.
Data completeness
The presented database is complete for known to date class I methanol masers sources. We checked database completeness using the list of papers produced with NASA ADS system (see Appendix A for SQL-query that we used for searching the papers) and list of the methanol class I maser line catalogs available at Strasburg archive 3 . We found no papers published since 1990 and containing original observations of class I methanol masers that were not included in our database. Papers published before the 90s often miss important observational information, such as peak velocities or intensities. In that case, we do not include information from these papers to our database if the source is well-known and more recent observations of class I methanol line are available . However, we include older papers where the first detection of methanol maser transitions were made.
Class II methanol masers
We use incomplete database of class II methanol masers that is currently under construction 4 to compare the distributions of Class I and Class II methanol maser sources in the Galaxy. To date, the class II maser database already contains ∼ 8500 observations in ∼ 3400 source groups (with ∼ 4600 detections in ∼ 1200 source groups) and provides extensive information on the overall distribution of class II masers. The database contains most recent extensive surveys of class II masers, including the full 6.7 GHz methanol multibeam maser catalogue (e.g. Breen et al. 2015) , the 6.7 GHz methanol maser survey with the Shanghai Tianma Radio Telescope (Yang et al. 2017a (Yang et al. , 2019 , the Torun catalogue of 6.7 GHz methanol masers (Szymczak et al. 2012) , the general catalogue of 6.7 GHz methanol masers (Pestalozzi et al. 2005 ) and others. The total amount of papers which are currently covered is 35.
Source grouping
The main catalog table of maser observation contains individual maser detection and non-detection entries from each paper. Most of the sources are observed many times in the different papers, often in the different methanol transitions. If we need to know the total number of individual sources and do the statistical analysis of maser detection, we need to combine the available observations into source groups.
We perform the source grouping using a density-based clustering algorithm DBSCAN, firstly proposed by Ester et al. (1996) . The main advantage of this clustering algorithm for our database is that it does not require a priori specialization of the number of clusters in the data. We use SCIKIT-LEARN python (Pedregosa et al. 2012 ) realization of DBSCAN. The algorithm requires two input parameters for clustering: ε for minimal separation between cluster points and N min for the minimal number of cluster points (we assume N min = 1). The different values of ε leads to a different number of source 4 Access to the class II maser database is the same as for class I database: http://maserdb.net groups. Figure 1 displays the dependence of the resulting number of source groups from ε. In the final version of the database, we assume ε = 60 arcsec with the resulting number of sources of 735. Note that the algorithm does not consider distances to sources when calculating source groups. The source groups are created using only the angular separation between sources in the sky. Therefore, some detections may be combined in one object even if they are not physically related. The researcher has to distinguish between different physical objects. We include the information about the distances to a source to the database if it is available in the original papers.
Each group receive it's name based on the median average galactic coordinates in the form of "G0.000±0.000 (N )", where N is the number of maser observations included in the source group. From the grouping process we create the table met1 objects, where each entry is the individual source object. The description of the columns in this table is following: group name is shorten galactic coordinates of the group with number of observations in brackets; source name is the name of the source from the main ta-ble; source names is semicolon-separated list of source names of this object from literature; ra and dec are median mean of right ascension and declination in J2000 coordinates in degrees; l and b are median mean of galactic longitude and latitude in degrees; vpeak is semicolonseparated list of peak velocities of the all detected spectral components; vmean is the median average of the peak velocities; det is detection flag of I class methanol line (Y/N); line is semicolon-separated list of detected class I lines in the format e.g. 8(0)->7(1) A+; gc flag is CMZ indicator (359.3 < l < 1.7 and |b| < 0.2); refs is semicolon-separated list of papers where observations of this source is presented. Additionally, some catalog association columns are present: iras, akari, akari fis, ego, continuum, bgps. Using this table, we may investigate the list of all known observed and detected sources of class I methanol maser emission in different transitions.
Association with the external catalogs
Association with the external astronomical catalogs is a very efficient way to investigate the nature of objects. We select the following catalogs to study the class I methanol masers: IRAS (Helou & Walker 1988) , Akari (Ishihara et al. 2010) , EGO (Cyganowski et al. 2008) , Bolocam GPS (Ginsburg et al. 2013) , and well-known continuum catalogs (White & Becker 1992; Wright et al. 1994; Becker et al. 1991; Condon et al. 1998; Wright & Otrupcek 1990 ). Since methanol masers of the class I usually appear at some distance from the associated objects, we do not include near-and mid-infrared point source catalogs (e.g. 2MASS, WISE ). Instead, we use only catalogs with a moderate number of sources where the association may be established in automated crossmatching process. We use the web API of CDS X-Match Service (Pineau et al. 2011) to process the matching.
The algorithm for finding associations is following. For each observation, we find the nearest sources in different catalogs within the search radius of 60 arcsec. If for a particular source, there are no sources within 60 arcsec, then we repeat the search using an increased radius of 72 arcsec. If there is no match within the increased radius, a particular source is considered to have no association in the catalog. If the association is found, then the catalog source name is stored in the corresponding field of the database.
In the case of source groups, that were determined by DBSCAN algorithm, all external sources, associated with some particular group are stored in the semicolonseparated list for each group.
Parameters of the associated catalog sources are stored in the local database, thus it is possible to quickly retrieve fluxes of the associated sources without accessing to the VizieR database and use them in further studies.
ACCESS TO THE CLASS I METHANOL MASER DATABASE
The class I methanol maser database can be accessed via the web interface with the link http://maserdb.net. In this section we examine the main functionality of the web interface.
Main search page
The main page of the web interface (see Figure 2 ) provides several search options:
• Cone search by coordinates or source name. The corresponding coordinate system, either Equatorial (J2000 or B1950) or Galactic, should be specified in the case of the coordinates search. External search of Simbad 5 database will be performed in the case of the search by a source name.
• List search. The search allows to input the list of sources (an example of an entry in a list: o Ceti; 02 19 20.7; -02 58 39 ) to perform simultaneous search of masers and other sources within each list entry. This may be useful for observers willing to test source lists on detection or non-detection of class I methanol maser emission in them.
Optionally user may choose the search mode:
• Observations: the search returns all found observations without grouping. Note that the list of detections could be very large for well-known sources.
• Sources: the search returns only source groups.
In this mode, all detections are grouped using the algorithm described in the Section 2.6.
The web system allows accessto external data, including images and catalogs of well-known sky surveys. The visual inspection is done using Aladin Lite service (Boch & Fernique 2014) and catalog search is done by CDS X-Match service (Pineau et al. 2011) . The results of catalog and image search are displayed at the same search results window together with the "local" maser database search results, allowing to examine the sources with the different wavelengths. Source description and author images from the original papers are also displayed in the search results with the corresponding reference.
References page
The page allows to browse and study the individual papers stored in the database. Click at each paper leads to the paper's page with title, abstract and full data listing. The quality of entered data may be checked in this page, comparing the online data with the author's original tables in PDFs -the parameters of all observed sources are displayed in the data table. Viewing images and displaying the associated data from the well-known astronomical catalog is possible in this page. Each source in the data table is clickable: one can get more information about each observed source in some particular paper. For papers with interferometric data, the individual maser spots are displayed for each observed source.
It is also possible to view the online paper statistics, including distribution of sources in the all-sky diagram, 
Objects page
The objects page is the result of source grouping described in the Section 2.6. This page allows selecting of the full list of objects with the specific maser molecules detected (or only observed). For example, it answers one of the following question: what sources have maser detection in both H 2 O and class I methanol maser lines? Currently, not only the class I methanol maser emission is included in the database, but also class II methanol masers, H 2 O, OH and SiO maser emission. However, the data entry process for these molecules is currently not finished.
When the maser molecule is selected, the list of objects appears in the search result window. One can display the associated data (external catalogs) and view images of each object. The "Detection" field in the list provide information about detected and not detected molecules in each object.
The object statistics page may also be displayed for selected objects similar to the one in the reference page.
Download page
This page gives the ability to get the local copy of the maser database in order to study the maser properties in the popular astronomical software, for example -TOPCAT (Taylor 2005) . One can download data in two modes: observations or objects for each maser species. The object mode is the group of observations for individual sources as described in the Section 2.6. The data is returned in CSV format. The observations mode is the original observations from the papers.
DISCUSSION
We utilize the database to review the distribution of class I methanol masers in the position and velocity. Position-Position diagram (see Figure 3 ) reveals that methanol masers of class I are located primarily in the Galactic plane. 90% of detected class I methanol masers have |b| < 1.5 deg. The concentration of class I methanol masers increase to the direction of the Galactic center and decrease at the Galactic anti-center: 77% of detected class I methanol masers have 320 < l < 40 deg. The same is reported in Yang et al. (2017c) result of the association of class I methanol masers with Galactic star-formation regions located mainly in the Galactic plane. Position-velocity diagram (see Figure 3 ) reveals that the most populated in class I methanol maser sites are CMZ (Central Molecular Zone or Nuclear Disk) and Molecular Ring. It was recently discovered that the CMZ is rich in methanol emission (Yusef-Zadeh et al. 2013b ) and contains a lot of class I methanol masers Cotton & Yusef-Zadeh (2016) . The Molecular Ring is the dominant structure in the distribution of the molecular gas, traced by CO emission (Dobbs & Burkert 2012) , and it is also rich in class I methanol masers. Other class I methanol maser nurseries are primarily associated with star-formation regions, including S235, W3, Cygnus X, NGC 7538, Ori A & B, Mon OB1, Gem OB1, and others. A small number of detections (14 sources) are of extragalactic origin.
From Figure 3 one can notice that the distribution of class I methanol masers in the Position-Velocity diagram similar to the distribution of massive star formation regions (Bronfman et al. 2000) , where the most of the OB associations are located. This is consistent with the theory that methanol masers are closely associated with star formation regions. However, we should note that there is a bias in the distribution of the detected class I masers, as the most popular category of target of class I maser observations is high-mass star formation regions. Other classes of objects have a lower number of observations, consequently detection rates toward these object classes are much lower . In comparison, distribution of class II masers have much more observations toward objects other than high-mass star formation regions , thus class II maser distribution is less biased than class I. This could be seen in the top two panels of the Figure  3 .
We compared the distribution of class I and class II methanol masers in the Position-Velocity diagram (Figure 3) . One can notice that the main difference between them is the high number of class I methanol masers at the Central Molecular Zone (CMZ or Nuclear Disk in the figure of Dame et al. (2001) ), and the much smaller number of class II masers there. At the same time, class II maser sources are distributed more widely along Molecular Ring in comparison to Class I masers. The sources in the Nuclear Disk that seen in the Position-Velocity diagram come mainly from the works of Cotton & Yusef-Zadeh (2016) . The discovery of abundant 4 −1 → 3 0 E methanol emission in CMZ was done in Yusef-Zadeh et al. (2013b) . However, low velocity resolution of the observation (∼16.6 km s −1 ) was not sufficient to distinguish thermal and maser components.
The authors explained the origin of the methanol enhanced abundance in terms of the interaction of cosmic rays and molecular gas in the CMZ. The confirmation of the presence of class I methanol masers in CMZ was done in Cotton & Yusef-Zadeh (2016) . The authors notice that the origin of such a large number of methanol masers is not clear, but it appears unlikely that the entire population of these masers trace the early phase of star formation in the Galactic center (Cotton & Yusef-Zadeh 2016) .
The pumping mechanism for class I methanol masers is different from class II (Sobolev et al. 2007) . While class II sources are pumped mainly by radiation and their association with star formation regions is tighter, class I methanol masers are pumped by collisions. They may arise not only in star formation regions but in any place where gas is compressed by a shock wave. The complex high-velocity gas interactions that lead to highvelocity features may explain a large number of class I methanol masers in the CMZ. These gas interactions are not associated with star formation. This may be similar to the detection of 36 GHz maser and thermal methanol emission at the periphery of the CMZ (Menten et al. 2009; Salii et al. 2002) . In some rare cases, highvelocity features even may be found outside of the CMZ (Voronkov et al. 2010a ), but the Galactic center region is the most active and dynamic in our Galaxy, thus many class I methanol masers arise because of gas interactions.
Statistics of maser detection in the different categories of targets
We analyze the statistics of detections and nondetections associated with the different categories of targets using the groups of sources, described in the Section 2.6. The results are presented in the Table 2 . The categories of targets are marked for each paper based on object selection criterion in the original paper. In some papers, objects have been selected using several categories of targets, listed in the Table 2 . For example, Chen et al. (2011b) targets a sample of YSOs from the GLIMPSE survey based on the color characteristics of EGOs with ongoing outflows. In this case, the paper was included in the following categories of targets: EGO, GLIMPSE, YSO, Outflows. The full list of papers with similar categories of targets is presented in the Table 3 .
We notice that different categories of targets may have an intersection. Most intersections occur in the targeting to the Molecular Outflows (166 objects), Young Stellar Objects (179 objects), and Extended Green Objects (112 objects). If we combine these samples into one, it will be only 223 sources in total, but simple summing up gives 457 sources. The intersection occurs because Table 2 . Statistics of class I methanol maser detection with the different categories of targets. Values in brackets give the detection rates. References in italics are targeted interferometric observations papers. Explanation of the papers short references is given in the Table 3 Object these samples consist of the sources manifesting different phenomena found in the same kind of objects -young stellar objects. EGOs are objects displaying enhanced emission in 4.5 µm band of Spitzer IRAC (Cyganowski et al. 2008 (Lim et al. 2012) . Similar situation takes place with molecular outflows: most EGOs trace population of actively accreting YSO outflow candidates (Cyganowski et al. 2008) , but molecular outflows are not always associated with enhanced 4.5 µm band emission (EGOs) in Spitzer data and may be traced with other markers, for example CO emission (Wu et al. 2004 ), H 2 emission at 2.122 µm (Varricatt et al. 2010; Froebrich et al. 2011) .
In our study, we did not classify objects and only specified classes of the objects provided in the publications. The most popular category of targets to search for the class I methanol masers is the survey of the highmass star formation regions (HMSFRs) -there are in total 29 papers (11 papers based on single-dish and 18 papers based on interferometric data) with 133 objects detected by class I methanol maser emission. The most significant number of class I methanol maser sources was detected toward the sources from the Bolocam Galactic Plane Survey -470 maser sites (Yang et al. 2017c; Chen et al. 2012b ). The detection rate for Bolocam sources is about 34%. In the second place by the number of new detections is a search for the new maser transitions in the sources that already display class I methanol maser emission in some other transition (261 detected objects). Another fruitful category of targets brought detection of class I methanol masers in 158 objects by looking at the sources from the Spitzer GLIMPSE survey (Chen et al. 2012a (Chen et al. , 2011a Cyganowski et al. 2009 ). Search for class I methanol masers in the samples of known class II methanol masers brought detection of 152 class I methanol masers (e.g. Ellingsen 2005; Kang et al. 2015) .
The detection rates for the different categories of targets range from 16% to 58%. The highest detection rate is toward the high-mass star formation regions (58%), class I maser sources searched for new transitions (51%), Extended Green Objects (55%), HII regions (59%) and Ultra-compact HII regions (49%). The lowest detection rate is for the low-mass star formation regions (11%). The detection rate for the blind survey of CMZ (Cotton & Yusef-Zadeh 2016; Yusef-Zadeh et al. 2013a ) cannot be estimated.
The most extensive search for extragalactic class I masers of Chen et al. (2016) aimed the extended Xray galaxies showing megamaser emission of water or OH. blueIt was expected that the detection rate of class I methanol masers could be higher toward the sources with megamasers. They found 11 galaxies with class I masers from their sample of 16 objects, thus formal detection rate is 68% which is very high. However, these detections are reported to be tentative.
CONCLUSIONS
In this paper, we present the database of class I methanol masers with the following characteristics:
• Data is collected from literature and is constantly updated.
• The total number of observations of class I methanol masers included in the database is ∼7500 entries (with ∼9500 of individual maser components)
• Interferometric data on maser spots is given in the separate table maser spots and contains ∼15000 observations of maser spots in ∼460 sources.
• The database contains tabular data from all papers published on the topic to date, with descriptions of the observed sources from 24 papers (starting from 1998) and original author's images from 46 papers (starting from 1992).
From an analysis of methanol maser database, we found that:
• There are in total ∼650 maser sites with positive detection of class I methanol masers, not including the CMZ (Central Molecular Zone) sources. Number of maser sites depends on the way of grouping and range from 735 to 566 when using different separation threshold for grouping, ranging from 60 to 180 arcsec.
• In the Position-Velocity diagram most of class I methanol masers are associated with the sources hosted by Molecular Ring, Central Molecular Zone and Galactic Star Formation Regions (S235, W3, Cygnus X, NGC 7538, Ori A & B, Mon OB1, Gem OB1 and others). Class I methanol masers are detected in 14 external galaxies.
• The distribution of class I methanol masers in Position-Velocity diagram is similar to that of class II masers in almost all structures of the Galaxy displaying molecular emission. With exception of CMZ, where numerous class I methanol masers were detected by Cotton & Yusef-Zadeh (2016) with no evidence of association with the formation of massive stars. The origin of a such large number of class I methanol masers in CMZ is currently not clear.
• From the statistical analysis, we found that the most popular category of targets for the search of class I methanol masers is high-mass star formation regions (29 papers with 133 objects detected). The most significant number of class I methanol maser sources was detected in the Bolocam survey (472 objects). The highest detection rates are toward the samples of high-mass star formation regions (58%), known class I methanol masers in search for new maser transitions (59%), Extended Green Objects (55%), HII regions (56%) and Ultra-compact HII regions (57%). Detections of class I methanol maser sources are highly dominated by the high-mass star formation regions and only a few sources found in the low-mass starforming sites.
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APPENDIX
A. LIST OF PAPERS
The Table 3 provides a full list of papers that were included in the class I methanol maser database to the date of August 2019. The database is updated regularly, thus new papers may be added. The online version of this list is posted on the website of the database 6 .
The following query for ADS system was used in order to find papers, containing class I methanol masers data: (abs:"class I" OR abs:"36 GHz" OR abs:"44 GHz" OR abs:"95 GHz" OR abs:"25 GHz" OR abs:"84 GHz" OR abs:"9.9 GHz" OR abs:"104 GHz") AND (title: "methanol" OR title: "CH3OH") Table 3 . Papers with original observations that was included inthe class I maser database. The number of detection and non-detection are counted from the source groups and may differ from the original paper's source count. Asterisks (*) mark the papers with the combination of different categories of targets. Table 3 continued 
